ABSTRACT
INTRODUCTION
Guava (Psidium guaijava Linn) is cultivated in tropical and subtropical areas of many countries. It belongs to family of Myrtaceae, genus: Psidium, species: Guajava and the common name is guava (Mathew et al., 2014) . The fruit contains a fleshy pericarp and pulp with multiple small seeds. It is processed for human nutrition as beverages, puree, jam, canned slices, syrup concentrate and juices. The total world production for mangoes, mangosteens and guava was more than 43 million tons and the production quantity was estimated in Egypt as 834.543 tons by the year 2013 (FAOSTAT, 2014) . Guava waste (GW) constitutes 4% to 12% of the total mass of the fruit (Uchôa- Thomaz et al., 2014) . These waste materials are considered an ecological problem due to accumulation of large and useless quantities.
Nutrition is the key determinant of sustainability and economic viability of the livestock farming (Kannan et al., 2005) . In our countries, increasing the price of conventional feed ingredients and their shortage are the major problems affecting development of rabbits and poultry industry (EL-Manylawi, 2011) . Therefore, recent studies focused on the use of agriculture and food processing wastes in animals and poultry feeding. GW contains fibrous components such as stone cells, and seeds. It contains 7.6% protein, 16.0% fat, 61.4% fiber, and 0.93% ash (Prasad and Azeemoddi, 1994; Khalifa, 2014) . Dried guava pomace consisted of about 94% seeds and 6% skins (Bernardino Nicanor et al., 2000; and Denny et al., 2013) . Due to the high fiber content of GW, it could be used in rabbit diets. Rabbits require a high-fiber diets when compared with other simple stomach animals and poultry. They are hind-gut fermenters and are capable of retaining small fiber particles for digestion (EL-Manylawi, 2011 ). An extensive research work has been done on the nutritive value and biological activity of guava peel, flesh and leaves (Gutiérrez et al. 2008; Labibah, 2009 and Sanda et al, 2011) . Few experiments were carried out on the use of GW as a feed ingredient in rabbit nutrition. Also it has been proven in many research works that prebiotics and organic acids supplementation to diet could support digestion and/or metabolism by animal through their action on intestinal microflora. The use of these additives is based on safety and probability to be of great economic importance (Hassanein et al., 2002) . Therefore, this study was carried out to investigate the response of growing New Zealand rabbits to diet containing dried GW, with or without supplementation of either prebiotic or mixture of organic acids. The evaluated parameters are growth performance, apparent diet digestibility, some blood constituents, carcass characteristics, and economic efficiency.
MATERIALS AND METHODS
The experiment was conducted at the rabbit production unit of the faculty of veterinary medicine, Benha University. The experimental period was 9 weeks, from 7 th January to 10 th of March.
Animals and housing management:
A total of 48 New Zealand White male rabbits weaned at 28 d and weighed on an average (448±13.5 g) obtained from commercial rabbit farms in Qalyubia Governorate. Animals were randomly assigned to 4 experimental groups (12 rabbits/group) and housed in pairs in 24 wire mesh cages measuring 60×40×35 cm (length x width x height). The cages were equipped with hopper feeders and nipple drinkers. Clean and fresh drinking water was offered all times. Rabbits were reared in a closed room with mean temperature and humidity ranging from 14 to 20°C and from 59 to 65%, respectively with only natural light during the day.
Diet and experimental design:
GW was collected from Vitrac ® Company for food processing, Qalyubia, EGYPT. It was dried in oven at 60 0 C for 48 hr. The dried GW was crushed, well mixed and stored in a well-ventilated place. Sample of GW was chemically analyzed for composition according to AOAC, (1995) . Diets were formulated (Table 1) as iso-nitrogenous, isoenergetic and iso-fibrous according to the nutrient requirements (NRC of rabbits, 1977 and Weiseman 2010) . The basal diet (Control, C) was formulated mainly from corn, soybean meal, molasses and fennel straw. Three diets (D1, D2 and D3) were formulated to contain 20% GW. The diets D2 and D3 were supplemented with either 1.0% Y-MOS ® (MOS plus β-glucan, Nutrex, Belgium) or 1.0% Fylax forte ® (Synergistic mixture of organic acids, ammonium propionate, toxin binder, and other supporting ingredients (water-binding agents, surfactants and ingredients preventing evaporation, Selko, Netherlands). All experimental diets were fortified with a constant level of salt and vitaminmineral premix. Diet pellets were prepared (4 mm diameter, 9 mm length) in a commercial feed mill for rabbits.
After one week accommodation period, rabbits were fed ad-libitum on 4 different experimental diets until the end of the experiment (98 d of age). During the experimental period, the feed intake was recorded daily. Rabbits were weighed weekly at the same time in the morning and daily weight gain was subsequently calculated. Feed conversion ratio (FCR) was computed using the formula:
[FCR = (Cheeke, 1987) ].
While the performance index (PI) was calculated by the formula: North, 1981) ].
Body Weight Gain (BWG):
The gain in body weight per week was obtained by calculating the difference between two successive weights (Mohamed, 2014) . 1 Purchased by Oynx Veta for Veterinary products, Mehalla Road, Tanta city, Egypt. Mineral and vitamin premix composition (per 3kg): Vitamin A = 12,000,000 IU, D 3 = 2,000,000 IU, E = 10,000 mg, K 3 = 1,000 mg, B 1 = 1,000 mg, B 2 = 5,000 mg, B 6 = 1,500 mg, B 12 = 10 mg, Niacin = 30,000 mg, Biotin = 50 mg, Folic acid = 1,000 mg, Pantothenic acid = 10,000 mg, Choline chloride = 500,000 mg, Zinc = 50,000 mg, Manganese = 60,000 mg, Iron = 30,000 mg, Copper = 10,000 mg, Iodine = 1,000 mg, Selenium = 100 mg, Cobalt = 100 mg, Calcium carbonate to 3kg.
2 According to Feed Composition Tables for rabbits (NRC rabbit 1977 , de Blas & Weiseman 2010 . 
Digestibility trial:
The digestibility trial of each dietary treatment (12 rabbits) was carried out according to Perez et al. (1995) . The daily feed intake was recorded. After an adaptation period of 7 days, the hard fecal output was collected in polyethylene bags for consecutive 4 days between 46 to 50 d of age at the same time in the morning and stored at -18°C. Fecal samples (100 g) from each test group were partially dried at 80°C for 48 h and used latter for chemical analysis. Feed and fecal samples from experimental groups were chemically analyzed according to AOAC (1995) . Dry matter (DM) was measured using hot air circulation oven (Heraeus Ut20, Germany) at 105 °C for 3 hours. Crude protein (CP) was measured using Kjeltec system 2100-FOSS, Sweden. Ether Extract (EE) was determined by Soxtec system 2045, FOSS-Sweden), and Ash (Furance 6000, thermolyne, USA), while the non fiber carbohydrates (NFC) concentration was calculated according to Calsamiglia et al. (1995) using the following equation: NFC = 100 -(CP + NDF + EE + ash). NDF and ADF were determined using the method of Van Soest et al., (1991) . The coefficient of dietary apparent digestibility is determined for Organic matter (OM), NDF, ADF, CP, EE, and NFC from each dietary treatment. Digestibility coefficient was calculated according to the formula proposed by Crampton and Harris (1969) :
Where: FI= feed intake, FO=fecal output
Blood analysis and carcass traits:
At the end of experiment, rabbits (10/group) were weighed in the slaughter house of research center in the faculty of Veterinary Medicine, Benha University, slaughtered by cutting carotid arteries and jugular veins after neck hitting. Two blood samples were collected from jugular vein during bleeding. The first one was taken on EDTA for hematological parameters, while the second one was collected in plain tubes and centrifuged at 3000 rpm (Sigma 3-18K) for serum separation then stored at -20°C until used for biochemical analyses. AST and ALT were measured according to (Henry (1964) , total protein and albumin were determine according to Belfield and Goldberg (1971) and urea and creatinine according to Husdan and Rapaport (1968) . The hematological parameters comprised the count of red blood cells (RBCs), white blood cells (WBCs), and differential leukocytes. Determination of packed cell volume (PCV) and hemoglobin (Hb) contents were conducted according to Feldman et al., (2000) .
For carcass traits, the skin, paws, gut, urinary bladder, and genital organs were weighed separately and removed. After 30 min of slaughter, weights of hot carcass including head, liver, kidneys, and thoracic viscera (heart, lungs, esophagus, trachea and thymus) were recorded (Blasco and Ouhayoun, 1993) . The hot carcass percentage was calculated according to Daszkiewicz et al., (2003) . The stomach and intestine as well as skin percentages were computed in relative to live weight at slaughter. The organs (heart, liver, kidneys, lungs, and head) were calculated as percentage of hot carcass weight.
Economic efficiency:
The costs of production were calculated in two items; firstly, the total variable costs (TVC) including the price of purchased rabbits, feed costs (feed ingredients, GW, Y-MOS, Fylax forte) for each experimental diet (Shreya et al., 2014) . They were estimated for each rabbit by Egyptian pound over the course of the experiment. The total fixed costs (TFC) were calculated for labor, litter, drugs, disinfectants, veterinary supervision, water, electricity and miscellaneous cost, in addition to the building rent value. Hence, all of these parameters were considered fixed costs for each rabbit used in this study (Ani and Ugwuowo, 2011) . The equipment depreciation was calculated as the value of equipment (L.E) for project cycles per number of years divided by the total number of rabbits (Sankhyan, 1983) . Finally, the total costs (TC) were estimated by summation of TFC and TVC values according to Atallah, (1997) . Secondly, the returns parameters were computed as the total returns (TR) and net profit (NP). The TR was the sum of the sale price of kg of rabbits and fecal matter (Mohamed, 2014) . The NP was calculated as TR minus TC (Fardoos, 2009) . The economic efficiency measurements were estimated according to Atallah, (2004) . They included percentages of Total Return /Total Cost (TR/TC), Net Profit /Total Cost (NP/TC) and Net Profit /Total Return (NP/TR).
Statistical analyses:
Differences between studied groups were analyzed by the Statistical Analysis System (SAS, 2003) Computer Program, using the General Linear Model (GLM) procedure and Duncan's Multiple Range-Test (Duncan, 1955) . Statistical significance between mean values was set at (P< 0.05). Data are reported as means and standard error of mean (SEM). Figures were performed by using Microsoft Office Excel, (2007).
RESULTS AND DISCUSSION

GW proximate analysis:
Analysis and composition of GW are not available in the feed composition tables of rabbit nutrition. GW proximate analysis (Table 2) revealed that CP content was nearly similar to results of other researchers (Lira et al., 2011; El Deek et al., 2009a; Santos et al., 2009; and Silva, 1999 ) that ranged from 8.6% to 10.09%. The content of ether extract (EE) was higher than the range of results of the same authors (from 9.69% to 11.68%). Crude fiber (CF) content of GW was close to the range 56.01% to 60.08% (Lira et al., 2011) , but was different from the range of 39.5% to 46.88% (El Deek et al., 2009a; Santos et al., 2009) . For ash content, it was lower than that of the same researchers (2.21%-2.52%). These variations in composition of GW between literatures may be attributed to either the presence of different varieties of the plant which is cultivated in many different areas of the world or due to variation in processing methods. In this respect, Mohamed et al. (1971) found that the values of proximate analysis of date stones were affected by the processing methods. Fekete and Gippert (1986) as: DE (kcal/kg DM): 4253-32.6 (Crude fiber % DM) -(144.4×Ash % DM). 
Growth performance and feed efficiency:
The indices of growth performance for growing rabbits fed diets D1, D2 and D3 were significantly (P<0.05) better than that of control diet (Table 3) . Although the diet was formulated to contain nearly the same level of crude fiber for all experimental groups, there was a significant higher feed intake for control group than others. It was indicated that the increased feed intake for control group was not reflected on growth parameters. The total and daily body weight gains (BWG) (Table 3 and Figure 1) were significantly (P<0.05) better in D1, D2 and D3 than control group. The only difference is the inclusion of GW in the three diets (D1, D2 and D3) instead of fennel straw in the control diet. This may be explained as GW contained more digestible fiber than that of fennel straw. This was clear in the results of digestion coefficient of dietary NDF and ADF (Table 4 ). It was found that using soluble and fermentable fiber in rabbits diet lowers caecal pH and increases level of volatile fatty acids (Alvarez et al., 2007) , reduces pathogenic flora (De Blas et al., 2002) , increases the total retention time with improving nutrient's absorption and consequently decreases feed intake and improve growth performance (García et al., 1993 , Carabaño et al., 1997 Falcao-e-Cunha et al., 2004) .
Rabbits fed diets containing only 20% GW (D2) showed better performance (BWG, FCR and PI than control group (Table 3) . This may be attributed to its content of antioxidant vitamin C (Bikrisima et al., 2014) , it was found that performance of broiler chickens was improved by inclusion of guava by-product in the diet. In other experiments (Marquina et al. 2008 and El Deek et al., 2009b) it was indicated that feeding sun dried or processed guava by-products (GBP) to laying hens helped keeping the quality of egg number, egg mass, egg weight and shell due to antioxidant potency of Vitamin C in GW (Holland et al., 1991) and the antioxidant dietary fiber (AODF) with methoxylated pectin (Uddin et al., 2002) . Also GW contains a good profile of amino acids, mainly arginine, glutamic acid, aspartic acid, glycine and leucine (Habib, 1986) with 12 fatty acids improve its nutritive value for feeding (Opute, 1978 and Aly 1981) . Furthermore, the synergic effect of EE and CF in GW have improved the gastrointestinal transit and consequently improved BWG (Lira et al., 2009) . For FCR and PI in Table 3 , there was significant improvement (P<0.05) for rabbits fed diet D2 when compared with the control diet and insignificantly with D1 and D3. Y-MOS ® is composed mainly of 27% MOS and 18% β-Glucan. MOS is derived naturally from cell wall of the yeast Saccharomyces cerevisiae by centrifugation of lysed yeast culture (Spring et al., 2000) .
The effect of MOS may be attributed to improvement of intestinal morphology, nutrient digestibility and increased length of ileal villi (Mourão et al., 2006) . The mode of action of MOS is firstly; by attaching undesirable microorganisms preventing them from connection to the intestinal mucosa and competing with its sugar receptors. Secondly; MOS stimulates of the intestinal immune system. This action improves the growth of beneficial microbes; enhances diet digestion and absorption and consequently improves performance (Falcão-e-Cunha et al., 2007) .
β-glucan has been purified from brewer's and backer's yeast (Tokunaka et al., 2000) . The use of β-glucan in diets was found to improve growth performance in rabbit (García-Ruiz et al., 2008) , swine, poultry (Chae et al., 2006; Huff et al., 2006) and fish (Robertsen et al., 1990) . It was reported that β-glucan improves the activity of macrophage and heterophils, releases some types of cytokines and raised cellular immunity by adjusting macrophage chemotaxis activity .
Rabbits fed diet D3 showed better values (P<0.05) for FCR, PI and BWG than control group and insignificantly with D. Fylax forte ® is composed mainly of organic acids (Sorbic, formic, acetic, lactic, propionic L-ascorbic, and citric acids) and ammonium propionate. It was found that diet supplemented with organic acids improved BWG and FCR of broiler chickens (Abdel fattah et al., 2008 , Owens et al., 2008 .
The organic acids were thought to inhibit the growth of pathogenic microorganisms like E. coli, salmonella and campylobacter spp. and consequently enhance the growth of desirable microflora in the intestine and increase digestive enzyme activity and utilization of essential minerals and amino acids (Ricke, 2003; Dibner, 2004; Lückstadt, 2005; Gunal et al., 2006 and Owens et al., 2008) .
Diet digestibility:
The apparent digestion coefficients (DC) of OM CP, EE, NDF, ADF, and NFC were significantly higher for the rabbits fed diets D1, D2 and D3 than control diet (Table 4, Figure 2 ). These results are in agreement with results of Mekkawy et al., (2000) , they indicated that inclusion of GBP with enzyme supplementation in rabbit diet improved digestibility of OM and nutrients over the control group. DC of OM and CP were higher significantly (P<0.05) in D1 and D3 than rabbits fed diet D2. This may be attributed to that supplementation of organic acids in diet D3 improved protein digestibility by decreasing competition of gut flora with the host rabbit for nutrients and endogenous nitrogen losses with lowering ammonia production and stimulation of gastrointestinal cells proliferation (Dibner and Buttin, 2002) . Also, the proliferative effect of organic acids on intestinal villi may improve nutrients absorption by increasing the epithelial cellular mass and surface area (Sakata, 1987) . These factors improved microbial protein synthesis that can be used by rabbit's cecotrophia (Bovera et al., 2015) . Also the advantage of OM and CP digestibility in D1 (20% GW only) is related to that vitamin C in GW helped improve digestibility of OM and nutrients via its antioxidant property as indicated by Sahin et al., (2002) , who found that supplementation of chromium and vitamin C increased digestibility of OM, CP and EE in laying hens. The presence of vitamin C as antioxidants could partially interfere with oxidative protein denaturation and would improve digestibility of nutrients, especially under stress (Seven, 2008) . In the same trend, DC of NDF and ADF were higher (P<0.05) for D1, D2 and D3 than the control diet. With rabbits fed diet D1, DC of NDF and ADF was better than control. This result agrees with that of Mekkawy et al., (2000) in feeding GBP to growing rabbits. This may attributed to the more digestible CF of GW than that of fennel straw in control diet. For Diet D3, this result is in accordance with that of Gerritsen et al., (2010) . The authors found that crude fiber digestibility was improved by supplementation of organic acids to weaned piglets diets.
It is thought that the organic acids exert its effect by balancing microbial population in the intestine and increasing activity the digestive enzymes (Knarreborg et al., 2002) . In rabbits fed diet (D3), apparent DC was higher than that of control group. MOS improve gut digestion and absorption via increasing the number of beneficial microbes (Falcão-e-Cunha et al., 2007) .
Carcass traits and blood picture:
Results of carcass traits of growing rabbits (Table 5) showed no significant differences (P<0.05) between the experimental groups in most measured percentages of organs and hot carcass. These results agree with the findings of researchers (Falcão-e-Cunha et al. (2007) and Dorra et al., (2013) who indicated that no adverse effect of using MOS or organic acids in the diet of growing rabbits on carcass traits. Also for GW, there was no detectable negative effect on carcass dressing. These findings agree with results of (Mekkawy et al., (2000) . Increased weight of stomach and intestine in rabbits fed diet included Y-MOS ® and Fylax forte ® was observed in this study (Table 5 ). This may be explained as MOS strengthens the luminal muscles due to increased enteric motility (Bovera et al., 2015) . The effect of organic acids on enteric weight may be attributed to the stimulation of gastrointestinal cell proliferation and increasing the epithelial cellular mass (Romero et al., 2011) . Concerning hematological parameters and chemistry, results were in the normal range for all experimental groups and indicated the proper health of rabbits during the period of experiment.
Economic efficiency:
Economically, the effects of feeding diet contained GW for different experimental groups (Table 6) showed that the TFC of production had no significant differences (P<0.05) among all experimental groups. Each individual rabbit received the same costs including labor, veterinary supervision, housing, water and electricity and miscellaneous cost.
Hence, all of these parameters were considered fixed costs according to (Ani and Ugwuowo, 2011) . For TVC, the highest value was observed for control group (L.E. 33.50), and the lowest value was for D2 group (L.E. 29.70/rabbit). Regarding total feed cost, control group showed the greatest (L.E 22.16/rabbit) followed by D3 (L.E 19.56) and D1 (L.E 18.97), while the lowest value was for D2 (L.E 18.61). TC value was higher for the control group (L.E 49.33/rabbit) than D1, D2 and D3 (L.E 45.74, L.E 45.53 and L.E 46.65 /rabbit, respectively). So, results of TVC and TC indicate that including GW (20% of the diet) reduced the production cost.
The cost of one ton of feed was found to be lower for D1, D2 and D3 groups than that of control one. The feed cost/ ton of feed saved about (L.E. 185.04, 138.94 and 156.94 / ton) for D1, D2 and D3, respectively; meanwhile, the control diet has the highest cost/ ton. Meaning that feeding rabbits with diet contained GW reduces feed cost. Concerning TR values obtained from rabbit sales and litter price (Table 6 ), it were L.E. 68.07/rabbit for D2, followed by L.E. 67.56/ rabbit for D1, L.E 67.24/ rabbit for D3, and finally L.E. 61.27/ rabbit for the control group. NP was significantly higher (P< 0.05) for D2, D1 and D3 groups (L.E 22.54, 21.82 and 20.59 / rabbit, respectively), than that for the control group which was L.E. 11.94 / rabbit.
Regarding the economic efficiency measurements among the different experimental groups, the percentages of TR/TC, NP/TC and NP/TR were higher significantly (p < 0.05) for D2 and D1 than control and D3 experimental groups. These results indicated that inclusion of GW in rabbit diet either alone or with MOS supplementation was the most profitable when compared with other diets, that agreed with those of (El-Deek et al., 2009; Lira et al., 2009 ; Ani and Ugwuowo, 2011; EL-Manylawi, 2011; El-Sheikh et al., 2013; Gaber et al., 2014 and El-Anany, 2015) , they indicated that the use of alternative feed ingredients reduce the overall cost of production with improving profitability. GW can be used effectively as feed ingredient in the diet of growing rabbits at levels of up to 20% without negative effect on the productive and economic efficiency.
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